Abstract: Food wastage has been widely discussed and investigated from different perspectives in literature. The EU-28 produces about 88 million tonnes of food wastage every year, making the awareness of this phenomenon a vital matter. This paper focuses on the outdoor-market operators' perception and behaviour towards the food waste phenomenon in a particular phase of the agro-food supply chain. It assesses the different approaches used to manage unsold produce and its destination. A sample of 214 market retailers in the Greater Torino market areas of Italy were identified, to whom a questionnaire was administered by interview to analyze the main actors involved in the food-wastage process and profile them according to their perception, behaviour, and attitude. The results show that there are three distinct kinds of market operators, i.e., farmers, peddlers, and hybrids. Their attitudes and behaviour towards unsold food differ, as does their inclination towards a sustainable approach, which depends on their personal experience and role in the supply chain. Moreover, the results provide some relevant elements that may contribute to improving the management of the food-waste phenomenon. Moreover, they bring some useful evidence to light that could lay the basis of more effective tools to be put at the disposal of various institutions.
Introduction
Food waste is a worldwide phenomenon. It shows no signs of diminishing and brings with it economic, environmental and social consequences. However, as it has been long overlooked, there is ever more waste at all levels of the food chain. According to the European Union, "food waste" can be defined as, "All the foodstuffs discarded from the food supply chain for economic or aesthetic reasons or owing to the nearness of the 'use by' date, but which are still perfectly edible and fit for human consumption and, in the absence of any alternative use, are ultimately eliminated and disposed of, generating negative externalities from an environmental point of view, economic costs and a loss of revenue for businesses" [1] .
A distinction may be made between food loss and food waste. Food loss starts in the early phases of the supply chain, i.e., during primary production and processing, whilst food waste occurs in the last phase of the food chain during distribution and consumption, i.e., wholesale and logistics, retail and market, food service, and household [2] . Furthermore, some authors state that food wastage is a combination of food waste and food loss as a whole. Others state that food loss means the decrease
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Food Wastage
The amount of food waste has been estimated by the Institution of Mechanical Engineers (IME) as being 1.2-2 billion tonnes/year, equal to 30-50% of global food production [14] . A more recent study has estimated global food waste as being 1.6 billion tonnes/year, where 1.3-1.6 is edible, for a commercial value of $750 million American [15] . The EU-28 estimated food waste at 88 million tonnes in 2012, covering both edible food and inedible parts associated with the food. It also reported a total waste of 173 kg per person/year, meaning that the European population was wasting 20% of the total amount of food produced. The household produces the most food waste, i.e., 47 million tonnes/year, followed by the processing phase (17 million tonnes), food services (10.5 million tonnes), primary production (9.1 million tonnes), and distribution (4.6 million tonnes) [16] . It has been hypothesized that if initiatives to reduce food waste are not taken, then the future estimate would increase by 40%, reaching 126 million tonnes/year. The world food waste estimate was assessed of 1.6 billion tonnes as reported in the Council of the European Commission search [17] .
The current production and consumption models appear to be unsustainable due to the intensive use of natural resources and the continuous waste coming from the production phases [18] . A supply chain inspired by the principles of a circular economy, rather than traditional supply chains, could well provide a solution to this problem, in as much as it would allow for a reduction in the environmental and economic costs related to the disposal of food waste [19] .
The concept of circular economy, i.e., an economic system able to regenerate itself seamlessly, can be synthetically defined as cradle-to-cradle [20] . It took hold in the 70s [21, 22] and was more precisely defined at the end of the 80s by Pearce et al. [23] , who emphasize the importance of natural resources for modern economy [24] . A current and common adopted definition is provided by the Ellen MacArthur Foundation, stating that a circular economy is "an industrial economy that is restorative or regenerative by intention and design" [22] . This concept can also be extended to the food chain and, at least at the theoretical level, could be a possible response to the phenomenon of food waste and a resource to access more sustainable food systems, e.g., by strengthening collaborative relationships between agro-food companies [25, 26] . Recent studies in the agro-food sector have stressed the need for alternative agro-food networks capable of imposing themselves and representing a response to the collective demand for transition towards more sustainable practices [27] .
Supply Chain Context
Food waste affects the global society, environment, and economy. Particularly, the global population is a key to understanding the size of the problem [28] . Some studies have estimated that global food production must increase by at least 50%, i.e., reaching 9.3 billion by 2050, if food security for the world population is to be guaranteed [29, 30] . Waste management can be efficacious only if there is better management all along the food system chain and a better use is made of the limited resources available [31] .
The agro-food supply chain has a pivotal role in the food-wastage phenomenon [4, 5, 12, 13, 32] :
(a) production loss takes place during harvesting; (b) poor post-harvest management leads to degradation and accidental spillage during transportation and storage; (c) the processing stage generates loss due to spillage and degradation during industrial processing e.g., washing, peeling, slicing, boiling, and packaging; (d) the distribution stage generates waste due to multiple causes, including inappropriate orders and incorrect demand forecasts in the market system, e.g., retailers and outdoor markets; (e) the consumption phase generates waste at a household and foodservice level.
Food waste takes place in the first phases of the food chain, e.g., the post-harvest phase, due to financial, structural, storage, and transport barriers, amounting to 4-16% of the total waste in low-income countries. In the middle-high income countries, food waste is most prominent in the last phases of the food chain. On the one hand, the consumers' behaviour may be influenced by rules and habits that, in some cases, define too restrictive quality and aesthetic standards, e.g., expiring 'best-before-dates'. On the other, farmer/retailer sales agreements may contribute to the amount of farm crops being wasted. The total quantity of consumer food waste was 222 million tonnes/year in the EU countries, almost equal to that of the net total food production in sub-Saharan Africa, i.e., 230 million tonnes/year [12] .
One third of global food production is lost between the food production and consumption phases, for an estimated value of $1 trillion American [33] . The US statistics show that organic waste accounts for the second largest percentage of waste dumped into landfills. Noteworthy is the fact that this quantity of food waste is 30-40% of the total food produced in the US, equal to more than 20 kg of food per person, per month [34] . The retail and consumer US food losses were estimated at $161.6 billion American, in 2010 [35] . The highest loss was observed in the following food categories: "meat and fish" (30%), "vegetables" (19%), and "dairy products" (17%), equal to $27 billion American. The total loss of food amounts to 387 billion calories per day no longer available to the consumer.
Food loss and waste take place in every stage of the supply chain and may depend on specific factors belonging to a particular country, i.e., the economic and climatic conditions, production systems and infrastructures, and the market and consumption trends. Numerous studies have been carried out on the analysis of food waste in different phases of the supply chain, showing their costs and negative externalities. These include studies on food waste along with the entire supply chain in Switzerland [36] and in food services [37] , the different product categories that contribute to the generation of waste [38] , the household-waste costs in South Africa [39] , and the elements involved in the production of food waste [40] .
Some studies reported on food waste in the distribution phase [11] and identified some factors and elements that influence food loss in retail stores [41] [42] [43] and the tomato chain and related loss/waste in large-scale distribution [44] . Another report suggested how food waste could be avoided in food retailing [45] .
Conceptual Framework
Numerous studies have reported on farmers/peddlers and their activities. Some of them reported on farmers and food [46] [47] [48] [49] , food security [50, 51] , the willingness to pay more for local food [52] , crops [49] , genetic improvement [53] , or commercialization of waste-based organic fertilizers [54] . Others discussed the farmers' opinion on the effect of climate [55] [56] [57] , policy implementation at a local level [58] , or crops [59, 60] . Peddlers were enrolled into studies dedicated to food safety [61] [62] [63] , food quality [64] , commercial fraud [65] , food value chains [66] [67] [68] [69] , market rules [70, 71] , or sociological and historical concerns [72] [73] [74] . Urban marketplaces have been studied for food security [75, 76] and food safety [77] . Other studies were related to the density of food outlets [78, 79] , urbanism and social spaces [80] , and foodservice comparisons [81] .
A Scopus database search revealed no studies that linked peddlers and topics such as food waste and circular economy. Some studies reported on farmers, food waste, and circular economy, with particular reference to food recovery programmes and their efficacy in reducing food insecurity due to "food waste" in the marketplace [82] and on the market farmers' perception of food waste [83] . When the terms "farmers" and "circular economy" were searched simultaneously, it was seen that some farmers did not know anything about the circular economy [84] , the costs of upgrading agricultural activities [85] , the creation of a bio-based circular economy model approach to transform foodstuff supply chains [19] , and the importance of organic production to improve the competitiveness of small farmers [86] . When the terms "farmers' market" and "unsold products" were linked, the results showed that small-scale vegetable farmers should implement a Corporate Social Responsibility (CSR) model if they are to fight market information asymmetry and the related low commercial value of their production [87] .
Some studies reported that it is essential to reduce food loss and food waste for the question of food security [75] . This can be done by using the fruit and vegetable waste at a retail and consumer level (supermarkets and food markets) as substrates in bioprocesses [88] to produce organic fertilizers [89, 90] , as long as this waste is treated correctly to reduce the environmental impact [91] . Compulsory regulation can set some quality standards to reduce waste [92] . Some private initiatives, such as food-recovery programmes to help needy persons, may also decrease waste [82] as would the production of foodstuff with the fruit and vegetables not considered aesthetic for commercial use [93] . Beausang et al. [83] reported that some farmers did not know the extent of the food waste phenomenon and did not consider it an issue of primary concern. They even perceived food waste to be an intrinsic part of farming and, as such, do not routinely record how much waste they produce. Furhter, they are unable to provide reliable estimates for their food waste and/or loss.
If effective initiatives to reduce the food-waste phenomenon are to be implemented, it must be clear who exactly is involved in each particular phase of the food supply chain, as well as what potentially influences their perception.
Study Area and Methods
This paper analyzes the actors involved in the retail phase of the food supply chain in outdoor markets, i.e., farmers and peddlers, to identify their behaviour and attitudes toward food waste. It also details how much attention they pay to the concept of food waste and managing their unsold food in a market context. The study group included farmers and peddlers operating in markets in the area known as Greater Torino (Torino Città Metropolitana), i.e., the Commune of Torino and its Province. Torino is the city of the Salone del Gusto and Terra Madre, the most famous Slow Food events [94] [95] [96] [97] , and Eataly [98] [99] [100] [101] [102] , the only Italian distribution chain of national high-quality foodstuffs with an international chain of stores. The territory of Greater Torino hosts 432 outdoor markets and 2/3 are mainly dedicated to foodstuffs. Further, the Commune of Torino hosts 42 local markets, the largest and most historical being Porta Palazzo [103] . This market has at least 1000 operators over a surface of 49,991 m 2 .
The study sample included the most important street markets in the Greater Torino area. The inclusion criterion was markets with at least 50 sellers. A total of 27 fruit and vegetable markets were included: the fruit and vegetable markets of Porta Palazzo (farmers' market and the peddlers' fruit and vegetable market), Baltimora, Benefica, Brunelleschi, Chieti, Cincinnato, Crocetta, Don Grioli, Guala, Nitti, Madama Cristina, Pavese, Racconigi, Santa Giulia, Sebastopoli, and Svizzera were studied in the Commune of Torino. Vegetable markets in the Province of Torino, i.e., Carmagnola, Chieri, Chivasso, Collegno, Giaveno, Moncalieri, Orbassano, Pianezza, Pinerolo, Rivalta, and Rivoli also met the inclusion criterion. Details of the questionnaire design are in Section 3.1. and the statistical methods in Section 3.2.
Questionnaire Design
In order to collect data and information in line with the objective identified, the authors interviewed operators using a questionnaire with closed questions. This provided the interviewers with a homogeneous guide and the closed questions gave uniform data to be statistically elaborated. If there were any unanswered questions, the question/s were put again during the individual interviews to understand why. It was found that some sellers were not interested in the topic or did not know what to say about it.
A preliminary version of the questionnaire was pretested on 16 farmers and peddlers operating at the Porta Palazzo market, to detect any mistakes and assess any structural weaknesses [104, 105] . This step was very important because, on the basis of results obtained, the authors were able to identify another kind of relevant seller, hybrids, and to make few more adjustments to the questionnaire. Hybrids are farmers that mainly sell their own fruit and vegetable products but sometimes also buy the fruit and vegetable products they sell from others.
The final version of the questionnaire was divided into three parts. The first part collected the interviewees' demographic, social, and educational/formative information, e.g., gender, age, municipality of residence, nationality, qualification, education, and their activity, e.g., license and number of market days per year.
The second part concerned the characteristics of food waste and the interviewees' perception of this phenomenon. The idea was that of understanding exactly what each of them thought about waste. Questions included: if they thought that reducing waste could offer economic and/or environmental/social advantages, what they could do to reduce waste and make the best possible use of their unsold products. It was then asked if they had any knowledge of the waste-management programmes already adopted to this end in Torino.
The third part evaluated unsold-food-product management, evidencing specific behaviour and attitudes. The last questions in this section covered whether the interviewees would be willing to donate what they had not sold for distribution to the needy on a regular basis, be it daily, weekly monthly, or seasonally if it were organised on a large-scale level project. If they were willing to do so, they were asked if they would do it without any kind of return or if they expected perks like reduced costs for stalls and/or parking areas etc.
A total of 214 food operators, i.e., farmers, peddlers, and hybrids replied to the structured interviews [106] during the summer of 2017. The study group was recruited directly at the marketplaces [107] throughout the day, from 6 a.m. to 8 a.m.
The interviews, which took an average of 30 min, were aimed at collecting information on the market operators' activities. Although all the questions were asked, their order was sometimes changed during the individual interviews, as the interviewees sometimes began to answer one question and included something that another question would have asked. This is in line with other authors and, as aforementioned, it was possible to collect extra data [108, 109] . The interviewers asked the questions, recorded the answers, and made note of the main topics. The interview results were then polled and divided up equally between the authors, who analysed them separately so as not to influence one another [110] . The results of the analysis were then compared and the main points identified.
Statistical Method
The scope of this study was to identify and qualify the market operators' perception and behaviour as to unsold food management. In this case, the data were explored by multivariate statistical techniques to reach a joint framework on the relationships among the variables.
First, a set of quantitative variables corresponding to four questions-based each on a 10-point Likert scale-was considered to obtain four response profiles. In this case a Hierarchical Cluster Analysis (HCA), using squared Euclidean distance as a similarity measure and the Ward method, was applied to group the answers by response affinity. The profiles obtained were considered as four levels of a qualitative variable, also used for further analyses. Second, a Multiple Correspondence Analysis (MCA) was used to consider the main qualitative variables as a whole, including profile membership from the previous analysis. The MCA technique is used to detect and represent underlying structures in a dataset made-up of qualitative variables. R software v3.4.4 (The R Foundation, Vienna, Austria), FactoMineR [111] and CA [112] packages were used for the analyses. Third, using the dimensions obtained through the MCA as new quantitative variables, a HCA (again using squared Euclidean distance as a similarity measure and the Ward method) was performed in a definitive way to identify the natural groups of the sample respondents in order to qualify their different activity styles.
Findings
The study sample included a total of 214 food operators, 71.5% male and 28.5% female; 54.21% of them live in the Province of Torino, 36.92% in the City of Torino, and 8.8% in the other provinces of the Piedmont Region. The age distribution was evenly spread across ages: 30.37% were in the 36-45-year-old range, 26.17% > 55, 22.90% 46-55, and 20.56% < 36. A total of 85.51% of the operators were Italian, 13.08% Extra-EU (Africa and Asia), and 1.41% EU (Romania and France). Their education level varied: 47.66% had left school at 14; 35.51% had a high school certificate; 14.02% had a primary school certificate, and 2.34% had a degree. A total of 35.98% of the interviewees worked at Porta Palazzo market, 34.58% in other markets in the city of Torino, and 29.44% in the Province of Torino (Table 1) .
In line with the established method, an HCA with four quantitative variables was applied, including: how wastage was considered, the influence wastage had on activities, how much was wasted in the interviewees' market activities, and how useful unsold products were in daily activities. Consequently, four groups were set-up:
(1) "Prodigal"-This group of food operators (50.00% of the sample) produces a lot of waste and is not interested in reuse or recycling activities; (2) "Parsimonious"-This group of food operators (21.96% of the sample) are careful not to create waste and do not reuse what wastage they do produce; (3) "Active"-Although this group of food operators (16.36% of the sample) does produce waste food, they reuse or recycle their waste products; (4) "Indifferent"-This group of food operators (11.68% of the sample), is not interested in wastage because all of them gave incomplete answers to our questions and when asked why, during the interviews, they declared that they were not interested in this topic. Therefore, they were identified as a residual group.
An MCA was then performed using the variables in Table 1 The horizontal axis in Figure 1 shows-from left to right-a progression in the density of farmers and workers who are both farmers and peddlers, as well as the trend in density of interviewees who live outside Torino. The right part of the map depicts where there is more interest in reusing wastage in an organic form within activities. The vertical axis shows the farmers (only) on the top and the hybrids, i.e., both farmers and peddlers, who are on the bottom right-hand side of the graph. Food operators, who are only peddlers are shown on the bottom left-hand side of the graph, were a higher density of this category. Overall, it can be seen that the map assumes a sort of triangular form and the vertex positions are strongly influenced by the three types of activities carried out, as previously reported herein.
Most of the peddlers live and work in Torino and are indifferent to recycling activities and the wastage of products (PRF_Indifferent). One way to stimulate their interest could be that of involving them in donating to associations (HOW_DonNoProfitYes).
The top right-hand side shows that most of the farmers are residents of the Province of Torino (RESID_ProvTO) or outside it (RESID_OutsideTO). They are actively involved in recycling activities, i.e., the use of unsold food for compost manure (HOW_ReuseOrgFormYes) and the donation to other families (HOW_DonFamilyYes), and perceive wastage as reuse (FWD_reuse) and also unsold (FWD_unsold).
The bottom right-hand side shows hybrids who work in the Province of Torino (MK_OutsideTO). They are involved in ecological and recycling activities (PRF_Active; HOW_ReuseOrgFormYes) and perceive wastage firstly as a loss (FWD_loss) and secondly as a cultural limit (FWD_cultural_limit).
The category of owners (EMPLOYER) can be seen in the centre of the graph, i.e., in an average position having a counterpart position more on the bottom in the category of employees (EMPLOYEE). On average, the owners tend to pay more attention to avoiding product wastage, but they are not particularly sensitive to recycling (PRF_Parsimonious) and perceive wastage as waste (FWD_waste).
The employees work in larger market set-ups, like the Porta Palazzo market (MK_PortaPalazzoTO), more than the other categories do. They are very involved in the question of product wastage (PRF_Prodigal). They generally have unsold products more than two days per week. This group tends to donate to families (HOW_DonFamilyYes) and, at the end of market day, sell food to a lower price avoiding the unsold foodstuffs (HOW_SellLwPriceYes).
Due to the MCA coding scheme, the inertia of the solution space is artificially inflated and, therefore, the percentage of inertia explained by the first dimension is underestimated [113] . The percentage of explained variance of the first two factors, shown in Figures 1 and 2 , has been re-evaluated. The Benzécri method [114] obtained 53.25% for the first dimension and 22.81% for the second one. The Greenacre method [112] is a more parsimonious method and therefore 35.82% was obtained for the first dimension and 15.35% for the second one. When the sum of the percentages of the variance explained by the first two factors are taken into consideration, both cases express a good representation.
The three clusters shown in Figure 2 were obtained by an HCA, after the MCA, using the dimensions obtained through this analysis as new quantitative variables, i.e., the first five dimensions were included, summing up more than 95% of the explained variance according to Benzécri's revaluation. The map of individuals evidences the triangular structure of the graph as aforementioned, whilst the three vertices seem to agree with each other both as to the formation of the three clusters and the most important working set-up represented by the type of activity (farmers, peddlers, or hybrids). In this sense, the first cluster (CLUS 1-position: bottom left-hand side) is mainly made up of peddlers (97% peddlers, 68% of all the peddlers belong to this cluster). The second cluster (CLUS 2-position: at the top of the graph) mainly includes farmers (92% farmers, 87% of all the farmers belong to this cluster). The third cluster (CLUS 3-position: bottom right-hand side) shows hybrids (93% hybrids, 61% of all hybrids belong to cluster 3).
Discussion and Conclusions
Food wastage has been extensively discussed in literature and has been further investigated from different perspectives [36] [37] [38] [39] [40] [41] . The importance of the topic lies in the fact that every year about 88 million tonnes of food wastage are produced in EU. Families and farmers are mainly responsible for the phenomenon (81%). Since this problem is present mainly at the end of the production chain [17] , this research has been dedicated to the study of the behaviour and attitudes of three important actors, i.e., farmers, peddlers, and hybrids. Even if these actors have been both recognized and analyzed in literature [46] [47] [48] [49] [50] 52, 54, 59, 61, 64, 66] , to the best of our knowledge, no studies have centered their attention on behaviour and sensibility towards food wastage.
Analyzing the results obtained through the questionnaires given to 214 operators in the Greater Torino markets, the authors were able to identify three relevant groups: farmers, peddlers, and hybrids. Each of these groups is defined by specific elements, such as education, awareness about food wastage, involvement in product wastage, and attitude towards donations. The data obtained allowed for some specific attitudes and behaviour to be attributed to each group. On the basis of the data obtained each group was classified according to where they usually work and live and the definition given to food wastage-useful to understand their behaviour and approach toward the topic.
The group of farmers includes people living either in the Torino Province or outside it and they usually work in the Porta Palazzo market (in the city centre). They associate the definition of food wastage with "reuse" and "unsold," so that they take into consideration the possibility of making different use of their unsold food at the end of the day. They usually donate their unsold food to families and are quite active in recycling activities. Their vision about the food wastage is open to the possibility of reusing it and shows that farmers pay attention to recycling activities.
The group of peddlers live and work in Torino and are the highest percentage of sellers on the Porta Palazzo market. They associate the definition of food wastage with "food waste" or the food that is lost during any stage of the food supply chain. They usually have more than two days per week of unsold goods but are not used to making donations to families, although they do donate to nonprofit organizations. The price of goods is always the same and no price-cutting policies are adopted at the end of the day for the unsold stock. Moreover, they do not reuse compost feed in any organic form since they do not live in the country but in the urban area of Torino. They feel quite indifferent to recycling activities and the wastage of products. In this case, the concept of food wastage is linked to something that cannot be reused: peddlers do not pay as much attention to recycling activities as farmers do.
Hybrids live and work in the Torino Province. They associate the definition of food wastage with "loss," so they have a perception of something that cannot be saved from an economic point of view. Normally, they have fewer than two days of unsold food per week. They are not used to donating to nonprofit organizations, but they try to reuse waste in the form of compost feed. They are involved in ecological and recycling activities. The hybrids are younger than the other two groups, have a higher education level, and are aware of more initiatives linked to wastage, e.g., technological applications, associations, and specific projects active within the city. Considering the education level and their knowledge in terms of technological aspects, hybrids seem to be the most prepared on the topic and the group that can be easily involved in dedicated initiatives in the supply chain process.
The relevance of our results is mainly linked to having obtained a first identikit of the main actors involved in the food wastage phenomenon in outdoor markets. Moreover, it was observed that each one of the three groups has its own specific inclination towards the management of food wastage and, probably influenced by their position and education, they associate it to a different meaning. For farmers, food wastage is something linked to unsold goods and can be reused; for peddlers, it means everything that is lost in any of the different stages of the supply chain; and for hybrids, it is simply a loss that can take on a new life, e.g., transformation into compost feed.
Implications and Future Research
To date, the literature on food waste and the outdoor-market operators' activities has not yet been fully developed, leaving some gaps still to be filled. Indeed, our study showed that farmers, peddlers, and hybrids implemented different unsold-food management systems to reduce the food waste.
The different behaviour identified depends on the varied conception of food wastage the groups have, which range from an active one to an indifferent one. Profiling the actors involved in the food wastage chain is an important step towards the implementation of various actions that could increase the awareness of the phenomenon. Indeed, the level of awareness is fundamental if the amount of food wastage has to be reduced at each stage. Moreover, educational and cultural levels play an important role in influencing people's behaviour. Therefore, awareness can be promoted by specific programmes included in school syllabuses.
Not all of the interviewees were aware of the possibility of donating unsold food or of how to do it. They knew nothing about the start-ups or associations that can help them to reuse food wastage avoid or reduce loss. That is why institutions could carry out more communication campaigns to raise awareness and inform farmers, peddlers, and hybrids.
Future research, starting from these preliminary data, will expand its focus to the analysis of farmers, peddlers, and hybrids in numerous European markets to clarify if and how cultural differences influence the perception of unsold food and the behaviour of the different actors involved. Moreover, we are of the opinion that a focus group with farmers, peddlers, and hybrids would help to clarify the unsold food phenomenon further.
